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APOLLO 10  (MISSION F)  SPACECRAFT OPERATIONAL 

ALTERNATE MISSION PLANS 

VOLUME I11 - LUNAR ALTERNATE RENDEZVOUS 

By Ronny H.  Moore 

1.0 SUMMARY 

This document, which i s  Voliune I11 of t h e  ope ra t iona l  a l t e r n a t e  
mission p l an  f o r  Apollo 1 0  (Mission F ) ,  p re sen t s  t h e  ope ra t iona l  l u n a r  
o r b i t a l  a l t e r n a t e  rendezvous plans.  Four LM-active a l te rna te  rendezvous 
p l ans  and procedures which fulfill mission t e s t  ob jec t ives  are pre- 
sented.  With t h e  exception of t h e  LM-active modified foo - tba l l  a l ter-  
n a t e  , t h e  a l t e r n a t e  p l ans  are based on var ious pos tu l a t ed  nonnominal 
s i t u a t i o n s  i n  which t h e  b a s i c  c o e l l i p t i c  rendezvous sequeace i s  used. 

Although t h e  ope ra t iona l  plans were generated f o r  t h e  May 17  mission 
launch d a t e ,  t hey  are gene ra l ly  appl icable  t o  ar,y launch date and t i m e .  
Basel! on formulated gromd rbles and known c o n s t r a i n t s ,  t h e  ope ra t iona l  
p l ans  are f e a s i b l e  from a t r a j e c t o r y  s t andpo in t ;  t h a t  i s ,  t h e  plans do 
not  impose unique maneuvers o r  procedures, a d d i t i o n a l  crew t r a i n i n g ,  
o r  new software reQuirements f o r  t h e  onboard or' t h e  ground support 
c a p a b i l i t i e s .  The plans update those published i n  t h e  prel iminary 
a l t e r n a t e  mlssion p l an  ( r e f .  1). 

2.0  INTRODUCTION 

The t o t a l  mission planning e f f o r t  f o r  Apollo lC (Mission F )  
i nc ludes  a l t e r n a t e  mission p l ans  f o r  both t h e  e a r t h  o r b i t a l  and t h e  
l u n a r  o r b i t a l  mission phases.  The p r e f l i g h t  planning e f f o r t  i s  s i g n i f i c a n t  
because c e r t a i n  mission t e s t  object ives  can be accomplished i f  proper 
p repa ra t ions  are made f o r  development of  t h e  ope ra t iona l  a l t e r n a t e  
mission p l a n s ,  techniques,  procedures, and mission r u l e s .  Therefore,  
t h e  purpose of t h i s  document i s  t o  present  four  ope ra t iona l  a l t e r n a t e  
p l a n s  which are f e a s i b l e  based on c e r t a i n  ground r u l e s  and known 
c o n s t r a i n t s .  

The ground r u l e s  and rendezvous techniques and t h e  o p e r a t i o n a l  
l u n a r  o r b i t a l  a l t e r n a t e  rendezvous plans are presented f o r  t h e  following 
nonnominal s i t u a t i o n s .  
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1. 

2. Loss of u s e f u l  APS only)  

3. Loss of u s e f u l  DPS only 

4 .  Loss of both APS and DPS 

I n p b i l i t y  (or nondesire)  t o  j e t t i s o n  t h e  descent s t a g e  

Maneuver summaries, r e l a t i v e  motion p l o t s ,  dayl ight /darkness  h i s t o r i e s ,  
and MSFN t r ack ing  summaries are presented f o r  a l l  t h e  a l t e r n a t e  rendezvous 
p l ans .  

3.0 SYMBOLS AND DEFINITIONS 

AGS 

APS 

CDH 

CES 

CSI 

C SM 

Ah 

AV 

DO I 

DPS 

F.T. 

G . m . t .  

g . e . t .  

ha 

h 
P 

abort  guidance system 

as cent  p r  opuls i o n  system 

constant d i f f e r e n t i a l  height  

con t ro l  e l e c t r o n i c s  system 

c o e l l i p t i c  sequence i n i t i a t i o n  

command and s e r v i c e  modules 

d i f f e r e n t i a l  a l t i t u d e  between a c t i v e  and i n a c t i v e  v e h i c l e  o r b i t s  

t o t a l  change i n  v e l o c i t y  caused by t h r u s t i n g  

descent o r b i t  i n s e r t i o n  

descent propulsion system 

f u l l  t h r o t t l e  

Greenwich mean t i m e  

ground elapsed t i m e  from e a r t h  l i f t - o f f  

apocynthion a l t i t u d e  referenced t o  t h e  l and ing  s i t e  

per icynthion a l t i t u d e  r e fe recced  t o  t h e  l and ing  s i t e  
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IMU 

LM 

LPO 

MSFN 

PDI 

PGNCS 

RCS 

RTCC 

SM 

SPS 

T E I  

TM 

TPI 

TPF 

VHF 

a l t e r n a t e  rendezvous 

APS rendezvous 

c o e l l i p t i c  sequence 

DPS rendezvous 

i n e r t i a l  measurement u n i t  

l u n a r  module 

l u n a r  parking o r b i t  

Manned Space F l i g h t  Network 

powered descent  i n i t i a t i o n  

primary guidance and navigat ion c o n t r o l  subsystem 

reac t ion  c o n t r o l  system 

Real-Time Computer Complex 

s e r v i c e  module 

se rv i ce  propuls ion system 

t r a n s e a r t h  i n j e c t i o n  

t e l e m e t r y  

terminal  phase i n i t i a t i o n  

terminal  phase f i n a l i z a t i o n  

very high frequency 

any dev ia t ion  from t h e  nominal rendezvous t o  
accomplish mission ob jec t ives  

any rendezvous during which t h e  APS i s  t h e  
primary propuls ion system and no DPS i s  
ava i l ab le  

a rendezvous technique t o  e s t a b l i s h ,  p r i o r  t o  
TPI and a t  a d i f f e r e n t  a l t i t u d e ,  an a c t i v e -  
vehicle  ( chase r )  o r b i t  and t o  e s t a b l i s h  a 
desired r e l a t i v e  condi t ion a t  a s e l e c t e d  
t i m e  for TPI 

any rendezvous during which t h e  DPS i s  t h e  
primary propuls ion system and no APS i s  re- 
quired 
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f o o t b a l l  rendezvous a r e l a t i v e  cond i t ion  between t h e  CSM and LM 
i n i t i a t e d  by a r a d i a l  s e p a r a t i o n  which p l a c e s  
t h e  veh ic l e s  i n  equiperiod o r b i t s  such t h a t  
rendezvous occurs one o r b i t  l a t e r  

4.0 INPUT DATA, GUIDELINES, AND ASSUMPTIONS 

The following gu ide l ines  and assumptions were used t o  design t h e  
a l t e r n a t e  rendezvous p l ans .  

1. LM t e s t  ob jec t ives  w i l l  have f i r s t  p r i o r i t y .  

2 .  Alternate  rendezvous t i m e  l i n e s  w i l l  not exceed t h e  nominal 
rendezvous t i m e  l i n e .  

3. No a d d i t i o n a l  crew t r a i n i n g  w i l l  be r equ i r ed  f o r  a l t e r n a t e s .  

4. No a d d i t i o n a l  RTCC or onboard processors  w i l l  be necessary.  

5 .  Alternate  plans w i l l  be c o n s i s t e n t  w i th  c u r r e n t  s p a c e c r a f t ,  
crew, and ope ra t iona l  c o n s t r a i n t s .  

6.  The CSM w i l l  be  nominal i n  a l l  a l t e r n a t e s .  

7. The sequence of  events  w i l l  con ta in  no more maneuvers t h a n  
t h e  nominal rendezvous. 

8 .  The CSI-CDH c o e l l i p t i c  sequence w i l l  be used whenever p o s s i b l e .  

9 .  RCS backup c a p a b i l i t y  w i l l  be maintained on any APS-only 
rendezvous. 

Sources of  input  d a t a  used t o  design t h e  a l t e r n a t e  rendezvous 
a r e  summarized as fol lows.  LM t e s t  o b j e c t i v e s  are discussed i n  d e t a i l  
i n  t h e  mission requirements document ( r e f .  2 ) ,  while  t h e  LM ope ra t iona l  
cons t r a in t s  were obtained from t h e  Apollo Operations Handbook ( r e f .  3 ) .  
The spacecraf t  ope ra t iona l  t r a j e c t o r y  ( r e f .  4) presented t h e  o p e r a t i o n a l  
rendezvous t i m e  l i n e  and t h e  i n i t i a l  vec to r s  used t o  generate  t h e  
a l t e r n a t e  p l ans .  Weights and engine performance parameters were obtained 
from t h e  Spacecraft  Operational Data Books ( refs .  5 ,  6 ,  and 7 )  and 
from reference 8. The MSFN t r a c k i n g  w a s  generated based on requirements 
def ined by F l i g h t  Control Division ( r e f .  9 )  and by use  of MSFN s t a t i o n s  
defined by Goddard i n  r e fe rence  1 0 .  
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5.0 BASIC RENDEZVOUS TECHNIQUES 

Except f o r  t h e  modified f o o t b a l l  rendezvous, t h e  b a s i c  rendezvous 
technique t h a t  i s  used f o r  t h e  a l t e r n a t e  rendezvous p l ans  i s  t h e  CSI-CDH 
c o e l l i p t i c  sequence. The ob jec t ive  of  t h e  pre-CSI l o g i c  i s  t o  apply 
a maneuver (CSI) which w i l l  r e s u l t  i n  t h e  d e s i r e d  TPI cond i t ions  being 
obtained by t h e  a c t i v e  v e h i c l e  a t  a s e l e c t e d  TPI t ime a f t e r  a c o e l l i p t i c  
maneuver ( C D H )  has  been performed at a s e l e c t e d  t i m e  a f te r  CSI. 
technique i s  used i n  t h e  Apollo LO (Mission F) rendezvous. 
summary of t h e  Apollo 10  (Mission F) rendezvous i s  presented i n  t a b l e  I .  
Although t h e  CSI-CDH technique i s  used,  two preceding maneuvers 
(phasing and i n s e r t i o n )  a r e  required t o  e s t a b l i s h  t h e  proper condi t ions 
s o  t h a t  t h e  c o e l l i p t i c  sequence of  t h e  Apollo 1 0  (Mission F) rendezvous 
w i l l  be nea r ly  i d e n t i c a l  t o  t h e  planned l u n a r  landing mission sequence. 
A s i m i l a r  scheme i s  used i n  the  a l t e r n a t e  p l ans  when adv i sab le ;  however, 
a CSI-CDH rendezvous sequence may be arranged with only one maneuver 
(phasing)  so  t h a t  rendezvous can occur one r evo lu t ion  earlier.  This 
s i n g l e  pre-CSI maneuver technique i s  used i n  t h e  APS-only a l t e r n a t e  
rendezvous t o  conserve APS power and t ime. The D O 1  i s  a maneuver 
designed t o  enable t h e  LM t o  brake out of t h e  LPO and t o  descend over 
a s p e c i f i c  landing s i t e .  Although it i s  not  designed s p e c i f i c a l l y  as 
a rendezvous maneuver, it may be a l t e r e d  t o  arrange f o r  more favorable  
cond i t ions  f o r  some a l t e r n a t e s ,  
d e s i r a b l e ,  i n s e r t i o n  are planned so  t h a t  c e r t a i n  condi t ions are obtained 
during t h e  rendezvous sequence. The condi t ions a r e  as fol lows.  

This 
A maneuver 

The phasing maneuver and, where 

1. The TPI maneuver w i l l  occur a t  t h e  midpoint of darkness on a 
LM-to-CSM e l e v a t i o n  angle of 26.6". 

2. C o e l l i p t i c  Ah w i l l  be 15 n .  m i .  with t h e  LM below t h e  CSM. 

3. Th'e CSI maneuver w i l l  occur a t  t h e  f irst  apocynthion af ter  
i n s e r t i o n  o r  after phasing on t h e  sho r t  eiied rendezvous sequence. 

4. The CDH w i l l  occur one-half per iod a f te r  CSI. 

All of t h e s e  condi t ions e x i s t  during t h e  nominal Apollo 10 (Mission F) 
rendezvous. 

The o the r  rendezvous .technique considered i s  t h e  modified f o o t b a l l ,  
which i s  i n i t i a t e d  by a radial  sepa ra t ion  maneuver. Rendezvouls could 
be accom2listed exac t ly  one revolut ion after t h e  r a d i a l  s epa ra t ion  
maneuver if an i d e n t i c a l  r a d i a l  maneuver i s  performed i n  t h e  opposi te  
d i r e c t i o n  along with t e rmina l  l ine-of-sight braking.  However, t h e  AV 
requirement f o r  braking i s  reduced i f  a s t ands rd  TPI i s  performed a t  
t h e  chaser  per icynthion t o  increase t h e  t r a v e l  angle  during t e rmina l  
phase from 90' t o  130'. The f o o t b a l l  technique i s  suggested.as  an 
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a l t e r n a t e  exercise  i f  n e i t h e r  main LM propuls ion system i s  usable 
or i f  a comblete rendezvous i s  not allowed f o r  some o the r  reason.  

6.0 ALTERNATE RENDEZVOUS PIANS AND 
PROCEDURES FOR VARIOUS SITUATIOFS 

The a l t e r n a t e  rendezvous plans are designed f o r  s i t u a t i o n s  during 
t h e  Apollo 1 0  (Mission F )  l u n a r  o r b i t  when t h e  nominal 'rendezvous cannot 
be attempted. 

6 .1  Al t e rna te  l a ,  DPS Unstaged 

A DPS rendezvous a l t e r n a t e  l a  may be flown i f  it i s  apparent t h a t  
t h e  descent s tage cannot be  s t aged ,  e i t h e r  became of a failure of t h e  
s t ag ing  mechanism or because of a d e s i r e  t o  r e t . a in  t h e  DPS f o r  l a te r  
docked maneuvers ( i . e . ,  a docked DPS T E I ) .  The seq1Jence of  events  f o r  
t h i s  a l t e r n a t e  rendezvous i s  presented i n  t a b l e  11. 

The a l t e r n a t e  l a  sequence i s  exac t ly  t h e  same as t h e  nominal 
rendezvous sequence presented i n  t a b l e  I except t h a t  descent stslging , 
which occurs nominally 10 minutes p r i o r  t o  inser tTon,  i s  not performed. 
A l l  maneuvers p r i o r  t o  i n s e r t i o n  a r e  performed as i n  t h e  ope ra t iona l  
sequence. I n s e r t i o n ,  CSI, and TPI are performed with DPS. The CDH 
i s  performed with t h e  LM 3CS because it w i l l  normally be a s m a l l  
maneuver. However, i f  t h e  r equ i r ed  LM RCS burn t i m e  i s  g r e a t e r  t han  
or equal  t o  10.0 seconds (AV = 4 f p s ) ,  t h e  maneuver w i l l  be  performed 
with t h e  DPS at 10 percent  t h r u s t  t o  avoid approaching t h e  f o u r - j e t  
+X RCS impingement l i m i t  of  15-seconds f o r  burn du ra t ion .  

Because t h e  unstaged LM i s  somewhat d i f f i c u l t  and i n e f f i c i e n t  t o  
maneuver during t h e  braking phase,  t h e  CSM w i l l  perform t h e  braking 
maneuvers and docking. Thus, af ter  t h i s  rendezvous, t h e  o r b i t  w i l l  be 
approximately 43 n .  m i .  by 62 n.  m i .  If it i s  not d e s i r a b l e  t o  perform 
T E I  i n  t h i s  o r b i t ,  a docked c i r c u l a r i z a t i o n  maneuver would be  performed 
at apogee approximately m e  revo lu t ion  la ter .  The posigrade SPS burn 
of 26.1 f p s  w i l l  b e  approximately 2.2 seconds i n  d u r a t i o n  i n  t h e  docked 
configurat ion.  The LM might not be j e t t i s o n e d  p r i o r  t o  c i r c u l a r i z a t i o n  
because it may be d e s i r a b l e  t o  perform T E I  with t h e  DPS. All t h e  rendezvous 
a l t e r n a t e  l a  parameters and r e l a t i v e  n o t i o n  w i l l  be t h e  same as f o r  t h e  
nominal rendezvous. The only d i f f e rences  i n  p r o f i l e s  are t h e  burn times 
of  i n s e r t i o n  and subsequent maneuvers caused by u s e  of  d i f f e r e n t  pro- 
puls ion systems and a heav ie r  veh ic l e .  A maneuver summary f o r  
a l t e r n a t e  l a  i s  presented i n  t a b l e  11, and t h e  re la t ive  motion i s  pre- 
sented i n  f igu re  1. The MSFN coverage and t h e  dayl ight /darkness  h i s t o r y  
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are shown in f i g u r e  7. 
w i l l  be executed with t h e  DPS a t  1 0  percent  f u l l  t h r u s t  t o  avoid a lengthy 
RCS burn. A s  a result ,  r a d a r  lock-on must be broken t o  perform TPI. 
However, t h e  cu r ren t  nominal plan i s  t o  execute TPI with t h e  +X RCS; 
with open in t e rconnec t ,  which also r e q u i r e s  momentary l o s s  of r ada r  
lock-on. 

Note t h a t  TPI, nominally performed with t h e  RCS, 

6 .2  Al t e rna te  l b  , APS Inope ra t ive  

The DPS rendezvous a l t e r n a t e  l b ,  may be  flown i f  t h e  APS engine 
cannot be used or i f  ascent  b a t t e r y  power i s  l i m i t e d .  
t i o n  would make it d e s i r a b l e  t o  remain on descent power as long as 
p o s s i b l e .  The sequence o f  events i s  i d e n t i c a l  t o  a DPS rendezvous 
a l t e r n a t e  l a  except t h a t  descent s t a g i n g  can occur when t h e  descent 
s t a g e  i s  no longer  needed. 
TPI and braking (TPF) can be performed with t h e  LM RCS and, t h e r e f o r e ,  a 
nominal t e rmina l  phase can be accomplished. 

The l a t t e r  s i t u a -  

Staging i s  planned t o  occur a f t e r  CDH so  t h a t  

The recommended s t ag ing  sequence i s  as fol lows.  

1. Perform a 2-fps re t rograde maneuver with LM RCS -X j e t s  a t  
a convenient t i m e  after t h e  CDH maneuver, 

2 .  Stage.  

3. Perform a 2-fps posigrade maneuver w i t h  t h e  +X t h r u s t e r s .  

The s t ag ing  sequence w i l l  p l ace  t h e  descent s t a g e  below both t h e  LM 
and t h e  CSM and w i l l  prevent any r econ tac t  problem. The 2-fps r e t rog rade  
maneuver p l aces  t h e  LM on a s l i g h t l y  d i f f e r e n t  e l l i p s e ,  and by s t ag ing  
and performing a 2-fps posigrade maneuver with t h e  ascent  stage,’i iBe 
a scen t  s t a g e  w i l l  r e t u r n  t o  t h e  o r i g i n a l  e l l i p s e .  The r e l a t i v e  motion 
of  t h e  descent s t a g e  with respect t o  t h e  a scen t  s t a g e  i s  shown i n  
f i g u r e  4. 
t h e  CDH maneuver such t h a t  t r ack ing  and pre-TPI procedures between CDH 
and TPI are not d i s tu rbed .  The DPS s t a g e  i s  r e t a i n e d  u n t i l  a f te r  t h e  
CDH maneuver t o  conserve APS power. The maneuver summary f o r  a l t e r n a t e  l b  
i s  presented i n  t a b l e  111, and the r e l a t i v e  motion, which i s  t h e  same as 
t h a t  f o r  DPS rendezvous a l t e r n a t e  l a ,  i s  shown i n  f i g u r e  1. The MSFN 
coverage summary and t h e  daylight/darkness h i s t o r y  are presented i n  
f i g u r e  8. 

The s t ag ing  sequence i s  performed a t  a convenient t i m e  af ter  

. 
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6.3 Al t e rna te  2 ,  APS Rendezvous 

An APS rendezvous may be  flown when t h e  DPS cannot be used.  
sequence of events f o r  t h i s  rendezvous i s  presented i n  t a b l e  I V .  

The 

To provide adequate sepa ra t ion  d i s t ance  a t  D O I ,  t h e  CSM performs 
t h e  mini footba l l  maneuver as i n  t h e  nominal sequence. The s t ag ing  
sequence recommended during t h e  min i foo tba l l  i s  t h e  fol lowing.  

1. .Ap?roximately 1 5  minutes p r i o r  t o  D O I ,  perform a 2-fps pos i -  
grade maneuver wi th  t h e  LM RCS (-X j e t s ) .  

2 .  Stage t h e  DPS. 

3. Perform a 2-fps r e t rog rade  maneuver (+x j e t s ) .  

The sequence of naneuvers w i l l  p l ace  t h e  descent s t age  behlnd and above 
both t h e  CSM and LM and w i l l  prevent any r econ tac t  problems. The r e -  
l a t i v e  motion cf t h e  descent sta.ge wi th  r e sgec t  t o  t h e  CSM i s  shown 
i p  f i g u r e  5.  By comparison of t h i s  f i g u r e  with f i g u r e  2 ,  it i s  
apparent  t h a t  no recontac t  problems should occur .  To conserve APS 
power, t h e  DPS s t a g e  i s  r e t a i n e d  mti l  j u s t  p r i o r  t o  D O I .  Because D O I ,  
which i s  performed wi th  t h e  APS, i s  t a r g e t e d  t o  achieve a 40-n. m i .  
per icynth ion  a l t i t u d e ,  any s l i g h t  pe r tu rba t ions  i n  t h e  LM t r a j e c t o r y , , -  
caused by t h e  s t ag ing  sequence w i l l  not be s i g n i f i c a n t .  

Approximately 1 9 5 O  p r i o r  t o  t h e  landing  s i t e ,  t h e  APS performs 
D O 1  t o  approximately a 40-n. m i .  per icynth ion  a l t i t u d e .  The choice of 
per icynth ion  a l t i t u d e  i s  based on t h e  LM RCS impingement l i m i t  f o r  t h e  
ascent  s t a g e  (a  continuous burn of approximately 55 s e c ) .  I f  t h e  APS 
i s  l o s t ,  m y  backup RCS burns must be l e s s  t han  t h i s  l i m i t .  With a 
40-n. m i .  pericynthion a l t i t u d e ,  t h e  l a r g e s t  p o s s i b l e  RCS burn ( C D H )  
i s  approximately 50.4 seconds i n  du ra t ion .  A t  per icynth ion  a f t e r  D O 1  , 
t h e  APS performs a phasing maneuver t a r g e t e d  t o  s e t  up r e l a t i v e  condi- 
t i o n s  s o  t h a t  t h e  c o e l l i p t i c  rendezvous sequence t o  p l ace  TPI a t  t h e  
midpoint of darkness w i l l  r e s u l t  i n  a AH of 1 5  n .  m i .  when CSI and CDH 
a r e  performed on t h e  n e x t . a p s i s  c ros s ings .  Phasing r a i s e s  LM apocynthion 
a l t i t u d e  t o  approximately 102 n. m i . ,  a t  which po in t  CSI i s  performed. 
The CDH maneuver i s  performed one-half per iod  la ter  a t  per icynth ion .  
The CSI maneuver r a i s e s  per icynth ion  a l t i t u d e  t o  approximately 46 n. m i .  
so t h a t  t h e  re t rograde  APS CDH can p l ace  t h e  LM i n  a c o e l l i p t i c  o r b i t  
1 5  n. m i .  below t h e  CSM. The CSI and CDH maneuvers could be performed 
by use of t he  RCS t h r u s t e r s  wi th  t h e  APS in te rconnec t  because s u f f i c i e n t  
APS propel lan t  w i l l  s t i l l  be a v a i l a b l e .  The TPI maneuver occurs 
approximately 35 minutes a f t e r  CDH on a LM-to-CSM e l e v a t i o n  angle  of 
26.6". 
although one r evo lu t ion  sooner. A l t e rna te  2 conta ins  one l e s s  maneuver 

T e r m i n a l  phase occurs as i n  t h e  nominal rendezvous p r o f i l e ,  
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( i n s e r t i o n )  than  t h e  opera t iona l  sequence t o  permit rendezvous one 
r evo lu t ion  ea r l i e r ,  which conserves t h e  APS power supply.  A similar 
sequence i s  planned as p a r t  o f t h e  nominal PDI abor t  procedure for 
both t h e  F and G missions;  t he re fo re ,  no new crew t r a i n i n g  or unique 
procedures are introduced here .  For a l t e r n a t e  2 ,  t h e  maneuver summary 
i s  shown i n  t a b l e  I V ,  t h e  r e l a t i v e  motion i n  f i g u r e  2 ,  t h e  MSFN 
coverage and t h e  dayl ight /darkness  h i s t o r y  i n  figure 9.  

6.4 Al te rna te  3, Modified Footbal l  

I n  all rendezvous p l ans ,  the  sequence i s  begun with a separa t ion  
maneuver. 
and LM i n  equiperiod o r b i t s  t o  enable t h e  vehic les  t o  a r r i v e  a t  t h e  
same p o s i t i o n  one o r b i t  l a te r .  
maneuver i s  termed mini footba l l .  

. performed by t h e  CSM w i l l  p lace  t h e  CSM approximately 1.9  n .  m i .  ahead 
of  t h e  LM at D O I .  
t h e  separa t ion  maneuver or halfhay through t h e  min i foo tba l l .  
a 2.5-fps radial ly-up maneuver w i l l  p lace  t h e  CSM approximately 1.9  n .  m i .  
behind t h e  LM a t  D O I .  
of unusable DPS and AF'S engines o r  f o r  some o ther  reason ,  a modified 
f o o t b a l l  could be performed t o  check out t h e  rendezvous r ada r  and t h e  
VHF ranging. If t h e  r a d i a l  separa t ion  i s  80 f p s  in s t ead  of 2.5 f p s ,  
t h e  maximum range obtained i s  approximately 61  n.  m i .  Close approach 
would occur one o r b i t  later i f  no maneuvers were performed. A near 
nominal te rmina l  phase can be accomplished by performing TPI on an 
e l eva t ion  angle of 26.6O and at t h e  midpoint of darkness but  with a 
Ah at TPI of approximately 14.6 n.  m i .  i n s t ead  of t h e  nominal 15  .O n. m i .  
Performance of t h e  s tandard 130' t r a n s f e r  from TPI rendezvous lengthens 
t he  t r a n s f e r  t i m e  by approximately 1 5  minutes but  l e s sens  t h e  AV re- 
qui red .  An 80-fps r a d i a l  maneuver w a s  chosen so  t h a t  t h e  maximum range 
p o s s i b l e  would be obtained without v i o l a t i o n  of t h e  LM RCS impingement 
l i m i t  on t h e  APS (55-sec burn du ra t ion ) .  
neuver i s  51.9 seconds i n  durat ion.  Descent s t ag ing  occurs 1 5  minutes 
p r i o r  t o  t h e  80-fps separa t ion  maneuver. The recommended sequence i s  
as fol lows.  

The maneuver i s  a small r a d i a l  maneuver t h a t  places  t h e  CSM 

The r e l a t i v e  motion caused by t h e  
A 2.5-fps radially-down maneuver 

The DO1 maneuver normally i s  performed 180° after 
Likewise, 

If no other type  of rendezvous i s  poss ib l e  because 

The 80-fps separa t ion  ma- 

1. Perform 2-fps re t rograde maneuver (CSM +X j e t s ) .  

2. Stage.  

3. Perform 2-fps posigrade inaneuver (CSM -X j e t s ) .  

Performance of t h i s  sequence w i l l  p l ace  the 'descent  s t age  below and i n  
f r o n t  of t h e  CSM as shown by t h e  r e l a t i v e  motion i n  f i g u r e  6 .  
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Because t h e  separa t ion  maneuver w i l l  p lace  t h e  ascent  s t age  ahead and 
above t h e  CSM, no recontac t  problems e x i s t .  
shown i n  f igure  4 ;  t h e  maneuver summary, i n  t a b l e  V;  MSFN t r ack ing  and 
dayl ight /darkness  h i s t o r y ,  i n  f i g u r e  10. 

The r e l a t ive  motion i s  

7.0 CONCLUSION 

The d a t a  and procedures presented i n  t h i s  document represent  t h e  
opera t iona l  lunar o r b i t a l  a l t e r n a t e  rendezvous p lans  f o r  Apollo 10  
(Mission F ) .  The purpose of t h e  document w a s  t o  propose a l t e r n a t e s  
t h a t  are f e a s i b l e  from a t r a j e c t o r y  s tandpoint .  The RTCC and RTACF 
procedures and processors  w i l l  be used t o  compute t h e  maneuvers i n  
r ea l  t i m e ,  and real- t ime maneuver t a r g e t i n g  r a t h e r  than  p r e f l i g h t  
generated data  w i l l  be re l ied upon f o r  t h e  a l t e r n a t e  missions.  The 
procedures a n d  da t a  do not vary s i g n i f i c a n t l y  wi th in  t h e  launch window 
with t h e  exception of t h e  g . e . t .  of t h e  maneuvers and t h e  MSFN coverage 
The plans were generated based on a launch d a t e  of May 17, 1969, and a 

l i f t - o f f  time of 16 33 49.371' G . m . t . ;  however, t h e  p lans  are b a s i c a l l y  
appl icable  t o  any launch da te  and t ime.  
s a t i s f y  ce r t a in  t e s t  ob jec t ives .  A summary of t e s t  ob jec t ives  r e l a t e d  
t o  t h e  nominal rendezvous are presented i n  tab le  V I ,  along with t h e  
au tho r ' s  estimated accomplishment of each t e s t  ob jec t ive  during each 
a l t e r n a t e  rendezvous. 

h m  

These p lans  were designed t o  
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